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FOREWORD 

This report has had classified material lemoved in order to 
make the information av~ilable on an unclassified. open 
publication basis, to any interested parties. This effort to 
declassify this repor~ ha. been accomplished specifically to 
support the Department of Defense Nuclear Test Pel"sonnel Review 
(NTPR) Program. The objective is to facilitate studies cf the 
low levels of radiation received by some individuals during the 
atmospheric nuclear test program by making as much informatlon 
as pOSsible available to all interested parties. 

The material which ~as been deleted is all currently 
(1~S5ified as Restricted Data or Formerly Restricted Data under 
t~e provision of the Atomic Energy Act of 1954. (as amended) or 
'5 ~~tional Security Information. 

This report has been reproduced directly from available 
copies of the original material. The locations from which 
material has been deleted is generally obvious by the spacings 
and "holes" in the text. Thus the context of the material 
deleted is identified to assist the reader in the determination 
of whether the del,eted information is germane to his study. 

It is the belief of the individuals who have participated 
in preparing this report by deleting the classified material 
and of the Defense ~uclear Agency that the report accurately 
portrays the contents of the original and that the deleted 
material is of little or no significance to studies into the 
amounts or types of radiation received by any individuals 
during the atmospheric nuclear test program. 
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ABSTRACT 

~u)' The data !,!.osented are a compilati.on of a1:.. reporte,i initial 
gamma me"~UIem"nts made by the DepartllliOnt of Defense !ind other age:c~ie5, 
from Open-tion Sendstone (1948) through Operation Fish Bowl (1962). 
Where neutron data are available, the ga"""a me9.3ureree:1ts are corrected 
for the direct effect of te,' neutrons on the detector as well as on 
the dete~tor' s enviro:unent. Shield attenuation of the ga"'1:' ... do"e '.-as 
taken into account, C.amma-do~e-times-distance-squared, versus dishnce 
for shot ~c~diti6ns. is graphically presented. 

FOREVlORD 

(u) This is" ~ fi:t:, ar:d final report dealing with the gener!il 
topic of neutron effects on garrura det2ctors. It pcesents a ~~r\pilation 

of neut~on-corrected, initial-g!i~~-dose measurements obtair.e~ by Depart
ment of Dt'fense ani 'J'ther agencies, from Operation Sandstone (1943) 
through Operation Fish Bowl (1962). 

(u) This work was authorl~ed under DASA NWER Subtask 06.007, 
Neutron Effects' on Gamma Detectors and DAS':. NWER Subtask 06.042, Inithl 
Padiation Studies. This compilation and cQ,reccion of initial ga~~ 
data was "c,,-"ted in October 1961 and completed in February 196!'. 
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CHAPIER 1 

Il'1'TRODUC'rION 

1.1 OBJECTIVE 

(U) The main purpose of this report is to present re.ults of the 
initial lI9om:T,"-·-((03e measurements made by Depat"t~,ent of D£f~nse (Don) ag~ c., 1e ~ 
at n'l~le'i!' we"pon tests and the corNcted initi!'l ga.~c'.!l data, rather ti':'l." 
to make c.'ompal'isons or to draw conclusions. Othl:r pr'ljeds · .. ill d"~"le 
more deeply into these sub~ects. 

1.2 BACKQROUND 

(U) A ~omprehensive report summ&ri2ing the data from initial dose 
lIIe!l.Surements (0 to 1 minute after detonation) made at nuclear "'laF"r. teJt;; 
has been needed for some time. The initial gamma dos! me~s·~re"..,nt~ re;;o!·t=o 
her .. were made by the following DOD agencies: the US Ar::o.y N\I~lear D-ef~::5~ 

Laboratory (USANllL), the US Army Signal Research and Develo~~J!Il: La~or'l';)(:: 
(USASRDL), and the Radiological Safety (Rad Safe) Group at the te~t site. 
Gamma data which were compiled by the Los Alamos Scientific Laboratory 
(LASL), the National Bt;reau of Standards (NBS), and other agencies are 
presented where DOD ~ata aTe not available and where the dat~ of such 
agencies are nE'eded for "ompa~ison. Information co"cerning the deton"';~ou 
for ~hich gamma dose data ere available is presented in Table 1.1. Thp
yields quoted are based on current information and may be subject to 
mir..or cr.,Ill"go::s. 

\:J) The Depart"",n': of De·'~r. ce did not f'.llly parti~ip •. c; 1n t:-,e rr.,:.;.,.:.. .. ~.
.':lent of garr.ma dose until Ope~·'t~ion Tumbler-Snapper in 1952. Pr"·.~OCl":y, 
Rad Safe had p~rformej g .. mma-dos~ me",surelf.ents on a one·-snot b'lsio dUl· ::.<; 
Opera ':ion Sandstone in 19413. Gamrra dose was measured dlld::g O!-= .. a ': ion 
Gre .. nhouse by the NBS and during Operations Ra!1ge~, Bus':er-,'a~.:le, .. ~.d 
Ivy almost exclusively by LASL. The US Army Signal Corps .'!:ade ga,,_':" ... -
dos .. measurements at the underground and surface shots during Oper .. r.i~~. 
Jar.gJe; however, most of the detectors remained in fallout ar~as up to 
50 h"ur s . 

(u) Film has been u~ed at every operation since Sands~one to me'l.c·,r~ 
garr.ma dosp.. To pr'Jvide enersy 1ndep~nd"nce and electroni~ equilibr lu~., 
various film holders have been used -- the most COIl'Jllon being the NBS 9.~i 
LASL holders. In addition, silver-phosphate-glasB block3 and needle~, 
chemical-dosimeter systems, and cobalt-glas3 plate! have been used at a 
number of the operatlons with varying degrees of success. Biological
typt~ galMl<\-dosimeters '~ere teste1 during Opera.tion Grp.enhou3e. H"wc·/·,r, 
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., 

the results obtained from all these systems w~re questio~ed because of 
the neut,'on response of the detector itself, as well as the interac-';;ion 
of 'neutrons with the shield used to protect the detectors from blao-';; 
and' thermal radiation. In many cases this interaction produced sufficient 
secondsry gamma rays to cause an appreciable increase in the total dose 
measured by the detector. 

(u) This report attempts to rectify this oituation by correcting 
the initial gamma data for direct neutron inte~action with the det~ctor, 
for the interaction of .1eutrons with the shields, and for the attemation 
of the initial iamm& rays by the shields. An evaluation of the ga~T.a 
dose produced by nP.utron interaction with the ground 1s also presented 
but not used as a correction since the ground is part of the fixed environ
ment. To perform this work the USANDL obtained direct neutron interaction 
factors for available dosimeter films (References '1. 2. and 3) and corr~c
tion factors for the becondary gamma radiation produce~ by neutron in~er
actions with shields and doll (References 4 and 5). Direct neutron 
interaction factors for gladS and chemical systems wer~ obtained b, other 
investigatOrs (References 6.7.8.9. and 10). During OI~ration Sun Beam 
the theoretical calculations which produced the correction factors for 
shields and soil were experimentally verified (Rsference 11). 

(U) Recent work has indicated that these gamma dodmeters are depend. 
ent upon dose rate and total dose in a complicated fashion (Reference 12), 
Much more work will be necessary to clarify this ~itua~lon . 
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CHAPrER 2 

PROCEDURE 

2.1 GENERAL 

(u) The gamma data were taken directly from 'ea?on test (WT) reports 
fOl' each operation. Actually the repor~ed gall'JT1a dose data are not strictly 
initial gamma data but represent gamma doses received up to the tiJ!l€ of' 
recovery of the detectors, often hours after detonation, Rec~nt innova
tions have greatly reduced the exposure time of the gall'~~ det,e~tors, but 
during the earlier operations the gamma detectors remilir.ed ir., the field 
for lengthy and often unreported times. Most of the de ~ectors we~e eXFosed 
upwind of the detonation t9 minimize the fallout-gamma contribution. 
Table 2.1 gives the recommended ranges of most of the dosimeter~. 

(U) Dos!meter films were the major gamr.a-measuring system used at 
weapon tests. Films seem to be sensitive to every variable kr.o'.n to 
mankind, and tl1ey may be sensitive to some not know'n. Use of film as !l 

gamma dosimeter for controlled laboratory, experiments presents soll'~ diffi
culties in interpreting the data; but use of film at weapon tests, where 
little control is maintained and where the quality and type of radiation 
are unuaual, presents extrerue difficulties. The NBS and aluminum-wood 
(AW) film badges have minimized but not eliminated energy dependence of 
the films. Minimization of the field variables has progressed f,rom test 
to test so that now it is believed that the ~,~~~ dose can be interpretej 
to within ?5-35 percent. 

(U) Direct line of sight to the detonation point .as assumf'd fo;' ~ll 
gamma and neutron data. Whcr~ the gaz:una data ov"rlappe:i the dosag~ ! a:,;;;~ 
of two films, an eiucated guess was made as to which film was used uII1~3':; 

the original data ~-ere specified. Since the protective shield~. were r::t 
&lways adequately described, a number of assumptions concernin(t Size, 
thickness, and composition had to be made in some cases. Fa~t()rs for 
direct neutron intera~tion with film were determined or~y for film encsse1 
in the NBS holder. These interaction factors were aS~'JllIed to be appli
cable also to the AW LASL film holder. Very li.nited experimental data 
indicate that the above assumption is reasonable, at l'!ut for the!m.:ll 
neutrons. Finally, the neutron- interaction f",etors ob~ained for the :-:e'.c r 
films were assumed to be applicable to the obsolete films of the same 
dose range. 
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(u) TA9LE 2.1 II.ECOH>!ENDED DOSHIE'IER RJlllGES 

Dosimeter Type Reco=ended Re."ge 

r 

Emuls:i.on 502 0.3 - 10" 
Em • ..i.l.sion 508 0.3 - 10" 
Emulsion 510 10 _ 359. 

Emuls ion 606 35 _ 2500B 

Emulsion 1290 (Adlux) 35 _ 25009. 
Emulsion 548-0 (double coat) 1000 - :oJCOdl 

Emulsion 548-0 (single coat) 2500 - 50,000: 
Emulsion 649 2500 - 50.000b 
AgPq, glass 10 - 10,000 
Ag~ glass 10 - 100 aooc 

Cobalt pl!ttes 10· - le! ' 
Thermoluminescent 0.005 - 10,000 
Chloroform 1 - - l~a,aOO 
Tetrachloroethylene 1 - .le! 

~ange depends upon method of processing and calibration procedur~, 
LASL regula~ly usad 54S emulsion only to 30,OOOr whe~~a3 the Si~nal 
Caros '~sed the 51:3 e::-.'.,lsion to 80, OOOr. 

bGla~s that has !'.c" l:e~!l heat-annealed. 
cGIass that has b~~n h. ~t-"nne"led. 
dThis is the eve.!. ':loll u.:('ful range. To cover the r9.~C£.:, in':!ibi t.ors 

M'.;.st be added a~:~l ea~h comb:nation of inhibitor and te~!"a'~':lloTo~tby
lene has its ow:, u~eful range. 
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• 
2.2 TREATME~'T OF t:EUTRON FLUX D<tTA 

lU) To obtain neutron data at stations where such c:.ata were not 
repcrted, graphs of neutron-flux-times-slant-range-squared versus slant
range were prepared. Extrapola.tions wen: made of the curves to the dis
tances of interest. 

2.3 NEUTRON SENSITIVITY OF GAMMA DETECTORS 

(u) The neutron sensitivities of the gamma detectors vary with ne~tron 
energy as shown in Table 2.3. The reliability of the fast-neutron film 
sensitivities can not be estimated since the values are taken from sing~e 
measurements. To use the fast-neutron sensitivities of those dosimet~rs 
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(u) TABLE ~.2 NEUTRON ACTIVATION DETECTORS 

Detector Reaction Products Neutron Er:~~g:; 
Mcas1.L!"ed 

AuJ.97 n, y Au198 s; 0.3 eV 

As"" n, y As"" s; 0·3 eV 

Pu339 Fission Mixed 1'ission products > 10 keV 

Np837 Fission Mixed fission products > 0.63 MeV 

u"38 Fission M.ixed fission products > 1.5 MeV 
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(u) TABIE.2.3 NEUTRON Sl=:J'-:':.L'l'J" [,'.11·::; OF DOS DeTERS 

Dosimeter Thermal 
Neutron Energy (MeV) 

1 2 ~ 1; B l~ 

109 (n/ orn
c )/r lu

9 (n/ an
14 

>/r 

Emulsion 508 3.6 :!:O .90 lJ,.0 75 27 20 6.5 

Emulsioll 510 4.8 :1:1.2 10'- 5.5 3.8 2·9 1.6 0.83 

Emulsion 12')0 4.9 :1:1.2 :.18 11 5.5 4.0 2.5 1.2 

Enrulsion 502 4.0 :1:1.0 80 40 20 15 7.5 

Emulsion 510 4.6 :1:1. l5 ?C_ 9.5 5.0 3·0 2.1 

Enrulsion 606 4.4 :1:1.1 __ 28 a 12 9.0 6.5 2.5 1.2 

Emulsion 649 40 :1:10 1.9 :1:0.48 

Emulsion 548 8.8 :1:2.2 a 2.9 :H.O 

'1\) 
AgPCb glass 3.0 b ±O.38 60a 

. ""' Cobalt plates 0.14 .:1:0.04 c-a 

Thermoluminescent 5.0 5.l 
Chloroform 1.5 d 

Tetrr>chloroethy h,ne 5·9 - 500 

:value is an average for neutrons hav~ng thresholds greater th~l 10 keV. 

Unpublished data. 
CEstimated to be 5XIO'? 
·jNo definite value reported. 
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for which v'!.lues at only 1 MeV are available, the assu:";o~io" must be lI'ade 
that the average value of the weapon's fast-r.~utron spe~trum is 1 MeV. 
At stations where the full set of neutron activation det~~tors ..-as not 
available, an average energy of 1 MeV for fast neutrol', ·.-as aS~\i.",ed and 
only the neutron sensitivities at 1 MeV were used for ar~ gal!'m& detectors 
eKp~sed. Actually the neutron sensitivity values obtair.e~ for emulsio~s 
548 and 649 and the thermoluminescent dosimeter were obtsl.ned by exposl.ng 
them to a fission spectrum and reporting the values st an average ener~y 
of 1 MeV. 

2.~ DETECTOR SHIELD CORREC'UONS 

(u) The corrections for the gaJ!'.l!'li dose produced by neutron intera~tions 
with a number of popular shields ha"e been reported in Refer~nce 4 a,nd 
are reproduced in Table 2.4. Tho, contributions of therr::al neutrons 
(radiative capture) and fast neutrons (inelastic scattering) have been 
takp.n into account. Induced activity in the shield is neglected (ex~epc 
for aluminum shields), since calculations have shown that its contribu-
tion is less than two percent. The inelastic scattering croSs sections 
below 0.63 MeV are negligible. 

(\IJ(s.-fttl1 As the distance from ground zero increases, the gar:l.'!'a spectrw. 
hardens (Reference 17) and the attenuation factor for shields would be 
e~cted to decrease. For surface and low-air bursts of less than 500 kt, 
the average gamma energy is considered to be 1 MeV at distances from 
ground zero to 1000 yards, 3 MeV from 1000 to 3000 yards, and 5 MeV at 
greater than 3000 yards. The spectrum of g~~~a radiation from weapons 
greater than 500 kt is expected to be considerably softc~ than that fur 
low-yield weapono, since t!,~ major port"lon of tl,~ dose is tlelivered 'D"' 

the hydrcJynamically enha~.ced fissiun-pLodu~'; radiation. For these 
weapo:.c, the flVel"age ga!r.rra energy is cO!lsid'~I'"d to be 1 loleV up to 2C,',) 
~ards from ground zero and 3 MeV for grester distances. The shield a~tcn
uation factors are reported in the initial garruna dose tables for eac:1 shO\ 

2.5 INTERACTION OF NEUTRONS Wl'lJ{ SOIL 

(U) The gamr:; contribut ion from the inte raction of neut ror.5 wi t h 
the soil is reporLad but has not been used to correct the ga~a data, 
inasmuch as the soil is part of the fixed environment. By means of the 
method outlined in Reference 5, the gamma doses were calcu.lated for 
various Soils for fluxes of lxl012 thermal neutrons per square centimeter 
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(u) TABLE 2.4 GAMMA. D03E FROM VARIOUS SHlEIJlS SUBJECTED TO A 711ERMAL NEUTRON FL'JX OF 
1'd0!2n/cm2 AND A FAST NEUTRON FLUX IN EACH ENER3Y INTERVAL OF lXl012 n/cm" 

GIllIUIIa Dose for Various Neutron Energies 
Shield 

0.63-1.5 1.5-3.0 o-~er 

Thickne~s Thermal MeV MeV 3 MeV 
em r r r r 

Cast Iron Condulet 0.368 200 3.29 10.4 22.5 
Steel Cylinder O.JlO 320 5.19 16.2 34.7 

(Emmett Device) 
Steel Pipe ~pple 0.551 340 5.53 17.2 36.7 
Steel Pipe Nipple 0.635 380 6.26 19·5 41.4 
Steel Pipe Nipple 0.762 430 1.37 22.5 47.3 
Steel Pipe Nipple 1.142 630 9·91 30.4 62.8 
Aluminum Can 0.159 3.8 0.130 1.15 0.699 
Aluminum Can o. ~lr~ 7.6 o.ao 2.26 1.34 
Iron Stakes 0.635 190 3.13 9·75 20.8 



and Ixl!)! a fas t nc:utrons per square ce n tirr.e ter. To ob ta i n tte so~: g"C' . .,. .• 
contrib·~tion at specific slant ra!1g~s for the vario'~s detor.9.tions, the 
actual therml=ll- ~!!d :·e.:t-ncutron fluxe~ 1 the fra.ction of the ne'.1t!'=:1S 

actu~lly absorbed by the soil, ar.1 the build-up factor had to be t!l~en 

into account. Details are given in the Appendix. 

2.6 COMPARISON OF IASL ArID ESL FILM DATA 

(U) A comparison of the LASL film data with t~e Evar.ti Sig!1al Labora
tory (ESL) filM data shows that the LASL data ar~ consistently hig~er tha~ 
the ESL data. An investigation into the cause of these discrepancies was 
carried out by LASL during Op~~A~ion Teapot and re~orted by Storm and 
Bemis (Reference 18), who rec.JJlU!!ended that all the LASL da';a be lo'.-ered 
by 13 percent because of calibration difficulties. In comparisor. ·.-ith 
~nergy-independent ion chambers, the individual emulsion results obtai!1~d 
by use of the LASL holder were high by factors varJing fro~ 10 to 20 
percent, and the individual emulsion resu.~.ts obtained by use of th; NBS 
holder were low by fs-:tors var.fing from 7 to 19 percent. Th" 13-:rerce:!t 
cslibration factor is used in this report to correct the LASL fil~ dst~. 
Describing the LASL filM data in this report as uncorrected, mear." that 
the data have not been corrected fOI neutron effects but have beer. correc
ted for calibration error. The individual emulsion corrections are not 
applied in this report, since they are applicable only at distances of 1700 
to 3300 yards, and ':0 the tY1Je of shots for which they were measured. Th~ 

indivldual emulSion variation is assumed to be due to the energy depender.ce 
of the emulsion: the emulsions in the LASL holder are. more sensitive 
to the lower-energy garr~ rays than are the emulsicr.s in tt~ NBS holder. 
Since the gamma spectrum is softer at dista~ces closer to ground zero, 
the correction factors should be different. Currently the avera;;e be:·.,.:~:: 

th" LAS!' and ESr. gamma data appears to present a g<:lod estimate of the 
g!iJ'lIllU dooe. 

(U) An example of the calculations used to obtain the correc:io': 
factors is presented in the Appendix. Formulae for correcting th~ data 
to other air densities are also presented in the Appendix. 

(U) All shot information was obtained fro~ Re~erences 19 and 20. 
Unlc:;s otherwi:;e specified, the meteorologica: de.ta "ere obtain~d at grc:l:'.-: 
lev,,!. The mete')rolpgical data tables lnclu-:e slant_rang~_corr"~'io,, 
factors and dose_correction factors as well as te"'perature, pre33'~re, ar.'l 
density. values. 
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CHAPTER 3 

RESULTS 

3.1 OPERATION _<'.NllSl'ONE 

(u) Operation Sandstone, conducted at the Pacific Proving Groun1s 
(PPG) during April and May 1948, consisted of three tower shots. A su~r.~ry 
of the shot information is presented in Table 3.1 and the met',orological 
condi~ions at shot time are given in Table 3.2. 

(U) The iamma measurements were performed ~y Rad Sare (Task Group 7.6) 
with film badges (Reference 21). Six film types covering the range from 
0.05 to 22,500 r ",ere packaged in lightproof packs "ith a .l/32-inch lead. 
cross over the front, and sealed in an aluminum-foil jacket. The film 
badges were attached to 2x2x3/l6-inch angle-iron stakes a'; distances of 
less than 1000 yards and to lxlx3/l6-inch angle-iron stakes at distances 
of greater tt.an 1000 l''l.rds. Energy dependence of the fErn badge "as 
poor, since excessive response to radiation below 300 ke\' was' noted. All 
the film badges remained in the field for 12 to 30 hours after detor.ation, 
generally in the upwind direction. ReSidual contaminat"10n was estimated 
from field survey data to be negligible as compared to the film readings. 

(U) Neutron-flux measurements were made by Los AIE.mos Group LAJ-3 
101'1 th threshold detectors (Reference 13). Since no plui;onium data .... ere 
available, the total fast-neutron flux was calculated ,1S described in 
Chapter 2. 

(U) The g~T~~ data and corrections are present~1 in Tables 3.3, 3.4, 
and 3.5. FiElJres 3.1, 3.2, and 3.3 sho,", ~he correcteo. gamma-dose-time .. -
the-slant-distance-squared as a functi'.)n of slant dist;snce. 

3.2 OPERATION RANGER 

(U) Operation Ranger, t~£ first oper~tion at the Nevada Test Site 
(NTS), was conducted during January and February 1951 and consisted of 
five airdrops. Shot information is summarized in Table 3.6, and meteoro
logical data are presented in Table 3.7. 

(U) Gamma measurements were obtained with film dosimeters by the 
Red Safe group of LASt for all the shots (Reference 22). Three film types 
covering the range of 0.1 to 3000 r were packaged in a lightproof paper 
jacket with a 1/8-inch lead clip placed over each unit, sealed in a plastic 
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jacket, and placo:d bet.e~<l t·.<o 1/2-inch wood blocKs .-r.~ch -.ere teli to
gether by an aluminum box to approxi~te the more recec.t A~ film b~dg~. 
The film badge was attached to anfle-iron stak~3, the dimer.sio!!s of -,,-!licr. 
were not reported. Two lines, 90 apart, were ins~ru::-_~nt"1: Gec.~~.':.:.r 

Roan. ran due south and Access Road ran due west. Reco'/ery .as ef:-ect~d 
5 to 6 hours after detonation; but, since no l~cal fallout "a~ pr~3~~t, 
recovery time was nu~ critical. 

(U) Thermal-neutron measureme'lts were mad~ by LAS:. "-ith gold det"ct~rs 
(Reference 13). No fast-neutron ~asurements .. ere ma1:. The sul~·.lr
neutron flux for Shots Able and Fox might have been estilr.e.t,;,,! if the gold
neutron data from these shots had been found to be c~pare.ble to the gold
neutron data from the similar ShcJts Tumbler II and Buster Dog. HO-'-~'I"r, 

since the gold-neutron data agreed only within a factor of t .. o, esti~ati~n 
of the sulfur-neutron flux by this method would be lna~curate. 

(U) The uncorrected gamma data are presented in T~bles 3.8 thru 3.12, 
and the uncorrected gamm&-dose-times-slant-distance-s;uared v,;,rsu; sl~nt 
distance are shown in Figures 3.4 thru 3.13. 

3.3 OPERATION GREENHOUSE 

(U) Operation Greenhouse consisted of ~our tower shots deton~ted at 
the PPG during April and May 1951. A summary of the shot lnfor~~tion is 
presented in Table 3.13, and the meteorological conditions at shot tiJra 
are given in Table 3.14. 

(u) The gamma measurements, which consisted of tl'.e us~ of films e"c~se~ 
in NBS holders, w"re obtained by the NBS (Reference 23). Four films ',ere 
used to cover the range of 0.1 to Bo,OOO r, but or.e -- the East:r. •. n 5j02 
positive -- was us,~d as a perfo,-mance check of the D'<1Pont 605. T~.e ~;RS 
film holder consis\;s of thin layers of tin and le~d to provide Ieas~r_~ble 
energy independence. !lnd a thick layer of bake 11 te -'0 provide electrode 
e~uilibrium. The film badg~ was attached to a 21-inch pipe. Since no 
further information concerning the pipe is given, the vipe is assureed to 
be of steel and l/B .. inch thick. No a' "th was given from ground zero. 
No corrections for the effect of fa:' ''1eed to be made since the fallout 
was negligible (Reference 21.). 

(U) Neutron-flux measurements were made by LASL, with gold and ~ulflJr 
detecbrs (Reference 25). The fast-neutron flux bas been ag .. in calc'llat~d 
from the sulfur data. 
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(u) The gamma data and the neutron cocrections a~e presented in 
Tables 3.15 thru 3.18, and the plots of gar~-dos .. -tl~es-s1ant-!ange
squared versus slant-range are shm,n in Fleur"," 3 .. 110 t;,!\.l 3,1? 

3.4 C'-ER.\TION BUSTER-JANGLE 

(u) Operation Buster-Jangle consisted of seven shots at the NTS: 
the first was a tower ahot, the next fOUl' ",ere airdrops, the s1:<th ""es 
a surface shot, and the last wes an underground shot. A sUJlllIlar;,- of the 
shot information and the meteorological condi tions at shot. time is pre
sented 1n Tables 3.19 and 3.20. 

(U) Garnrna dc~e measurements "ere obtained by LASL (Referer.~e 26) from 
all detonations except Able and the surface shot, and by Signal Corps 
Engineering Laboratory (SCEL) (Reference 27) from the surface a~d unde!
ground shots. LASL used a series of five films to cover the ra~ge of 0.1 
to 30,000 r. The films ... ere exposed in the Art holde! attached to an a~.gle
iron stake driven into '~he ground. Films "'ere recovered from 3 to 6 hOl!rs 
after detonation. No local fallout was recorded fo! the first ~ive shots 
(Reference 210). 

(U) SCEL also used five films to cover the range from 0.5 1;0 10,000 r. 
The films were exposed in NBS holaers, but the report ~oes not ~ention 
how the film badges were positioned or whether shields ~'ere u~e:l.. Unfor
tunately, most of the films remaint!d in the f'lllout field up t() 50 hours 
after detonation. To ascertain the initial gamma dose, the fallout dose 
from one minute up to recovery time must be subtr~cted from total dose. 
The fallout da.ta were obtair:ed from Reference 28. 

(U) Neutron-fiux 
the first five shots. 
underground shots are 

measUl'em",nts were made by LASL (Reference 29) fer 
Gold- and sulfur-neutron data for the surfac~ :.c! 

available in Reference 13. 

(U) The gamma doses and the neutron and fallout correctior.3 are pr .. _ 
spnted in Tables 3.21 thru 3.26. Graphs of correc~ed ga~l-do:~-times
shnt-range-squared versus slant-range are given in Fig'Jres 3.1~ thru 
3.21. 

(U) The neutron fluxes for the surface and unde!,;rl1u,nd shcts at the 
slant ranges of interest are too llmall to permi t meanine':'ul correction 
factors to be obtairled, and the initial gamma doses oot.lned by correcting 
for fallout are very erratic. Therefore, no graphs ~re prenent .. d for 
t~8e two shots. 
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3.5 OPERATIOlI TUM8LER-SNAPPER 

(u) Operation TwIIbler-Snapper lia. conducted at the NTS durins April, 
May, and June 1952. The operation conai.ted of fOIll" airdrop' I.A. flJIIr 
tOIler Ihotl. The pert1'lent Ihot information i. presented in Table 3.27, 
and the meteorolOSical data at Ihot time are pre.ented in Table 3.28. 

(U) The ~/11111& _&lurementa were made by tliO aroolp,: LASt (Re·~ere~ce 
30) and SCEL (Reference 31). LASL used ii1.Jll in the A.W' holder,DIOunted on 
angle-iron ltakes; SCEt uled f1111 in the NBS holder attached to abminUJD 
stake.. Neither group mention. a&imuth or fallout effects -- el(c~,pt for 
Snapper III -- lihen the cloud pUKed over the LASL l1nl!!. It 'as ussumed 
that the filml were placed upw1.nd of the other shots ... here fallout hall 
11 ttle effect. lIo"ever, the L\sL ruul ta are consistently highe,· than 
the SCEL result., and poaeibly the LAst fUms rece.tied some fall'Jut radia
tion. Shot 1 "'&I no'· instrumented for glLJllrA _asurementl. 

(U) The neutron data for Shot. 3, 4, snd 8 were .taken fr"m mel!.sure
:nenta made by the Naval Research Lab (NRL) (Referencea 32 ,,~d 111). The 
LASL obtair.ed neutron data at Sh.)ts 4, 5. 6, 7, 8, which ,,"r~ rl!!corded 
in Referl!!nce 33. Reference 13 records neutron-flux data for all eight 
ahots during this operation . 

(U) The SCEt gamma dat.a for Shotl 2 thru 8 are presented 1n Tables 
3.29 thru 3.35 liith their ap~ropriate correction factors. Tablel J.36 
thru 3.42 give the LASL film data without neutron corrections. Figures 
3.22 thru 3.28 present the cOl"rected flCEL garnrna-dose-times-slant-range
squared versus slant-range. 

3.6 OPERATION IVY 

(U) O;eration Ivy, held at the PPG during October and November 1952, 
consisted of two large.yield shots: Mike, a surface shot, and King, an 
airdrop. Shot informa'~ion and meteorological data are given in Tables 
3.43 and 3.44, respectively. 

(U) Gamma meesurements were ~ade by LASL on both shots "ith film 
(Referepce 34). 7he film types ulJed are the same as specified for Operation 
Tumbler-Snapper. 1'0 c,btain initial gamma data in the h'!avy_fallout field 
expected from Mike, a film-drop gadget "as used .hereby films exposed to 
radiation for a predetermined time would automatically drop below ground 
level into a r~di&tion-protected area. Unfortunately these gadgets did 
not ... ork, .. nd many .ere fUled .itll ~ater, sand, and debriS. The feli 
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films that did drop indicated much smaller doses than thos~ films which 
remained above ground. Although the ti~~ of droppi~g is u~no.n, the 
fUns might reasonably be ass'JJl'.ed to have dropped befor~ the a~ri-Hl of 
fallout. Only the dropped-film data are presented ~-ith er!"or lim~t~ ';hic;, 
do not include the error due to dropping time. No neutron cor~ections are 
presented since the neutron flux was negligible. 

eU) The AW film badge was assumed to be bolted to ~~6le-i!"on sta~~3 
for Shot King. All film badges located from 700 to 1700 yard. frc~ ground 
zero .. erc destroyed; the rest were recovered the day after the shot. Survey 
readings indicated thBt residual activity was negligibl~. All ga~~~ sta
tions for both sho!;s were on land. 

eU) Referencf, 13 gives some gold and sulfur data for the two shots. 
These data were e-Ktrapolated to the slant ranges of interes t. 

(U) The gam. data for both shots as well as the 
for Shot King, are presented in Tables 3.45 and 3.46. 
dOle-times-slant-range-squared versus slant-range for 
in Figure 3.29. 

3.7 OPERATIOIi UPSHOT-KNOTHOLE 

neutron corrections 
Cor~ecte1 ga~~a

Shot Ki~g is given 

(U) Operation Upshot-Knothole was conducted at the NTS froll! :·arch to 
June 1953. The operation consisted of 11 detonations highlighted by Shot 
10, which was an atomic weapon fired from a cannon. The pertinent shot 
information ar~ meteorological data are given in Tables 3.47 a~d 3.49 
respectively. It should be noted that in some of the w~ reports for this 
operation, the order of Shots 5 and 6 and Shots 8 and 9 was re/er;~d. 
Table 3.47 lists the shot numbers strictly according to chronological 
date of detonation. 

(\I~ Initial gamma measurerrents were made by LASL (Refe_rence 35) 
for Shots 5, 6, 10, and 11 and by SCEL (Reference 36) for Shot:; 1, 2, 3, 
5, 6, 7, 8, 9, and 10. The SCEL ganunn detectors consisted of .five film 
types encased in NBS holders and attached to aluminum stakes a~;sur:.,d to 
be 1/4-inch thick. The film range was from 0 to 12,000 r. The de~ectors 
were recovered approximately 3 hours after detonation. No azir,uth is 
given for Shots 1, 3, 6, and 9, and no mer.tion is made of corr~!ctions 
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being necessary for fallout contributions. From comparison of fallout 
contours for this c~ration (Ref~rence 24), the initial gamma detectors 
obviously were placed far enough from ground zero, if they were in either 
the upwind or cross wind direction, for the fallout effect to be negligi
ble. Large limonite blocks were placed in the towers for Shots 2 and 7 
in such a pcsitio~ as to attenuate the radiation east of the tower. The 
gamma line for Shot 2 was east, and the gamma U!leS for Shot 7 were eas 
and south. Only the south line data are reported for Shot 7. Neutl'on 
corrections were ::.ade in Reference 36 for the gamma data obtained for Shot 
10. The neutron correction factors used in Reference 36 arp. erroneous 
alld the neutron fl\;J(es used are suspect. SCEL was one of th" groups which 
reversed the order of Shots 5 and 6, and Shots 8 and 10. SCEL reported 
distances as radial distance from GZ, not as slant range. 

,~\~) LASL obtained their gamma measurements from five film types 
in \/k AW hol1er attached to angle-iron stakes. The films eO'Jered the 
r,nge from 0.1 to 2000 r. No azimuths are given for Shots 5, 6, and 11, 
ond no mention is l:!ade of fallout affecting the detectors. ':,riation of 
g'.::'.'!lIL exposure with height above the ground, from one-half :-'Xlt to 10 
feet, was measured at Shot 10; the variation did not exceed :5 percent 
for the slant distances of 2000 to 3000 yards. 

(U) The gar= dE"ta obtained by the two projects agreed fairly well' 
for Shots 6 and 10. The LASL dat.'1 were slightly higher for Shot 5. 

(II) {S .J) Neutron m~,asurements were made by LASL: (Reference 37) for 
Shots 1, 2, 3, 5, 6, 7, and 10, and by NRL (Reference 38) for Shoes 8, 
9, and 10. The neutron data for Shot 10 were taken from NRL data. 
Unfort:lnately, so=-e of the LASL neutron data ·"ere taken for dili£mostl r 
me!l.surements and '.-ere unusable for this repoT'i' .. 

Plutonium-neutron aata 
are available for Shots b, 9, 10 (t<eference j';! J. Since this ;.;as the 
first attc!llpt to :"easure neutron flux with plutonium detectors and the 
o:'Jective of the project which obtainf2d the plutonium-neutron data was 
to obtain ratios oet.een neutron flux inside and outside Civil Defense 
shelters, it was decided not to use these data. 

(u) The SeE", gamma data and the neutron corrections, "'here avai:'.able 
are presented in :ables 3.49 thru 3.57. Curves of the SCEL' gar.JllJa-dose
times-slant-dister.~e-squared versus slant·distance are presented in 
Figures 3.30 thru 3.38. The LASL gamma data and neutron-flux data are 
given in Tables 3.58 thru 3.61. The LASL g~~a data for Shot 11 tines
slant-ranse-squared versus Slant-range are presented in Figure 3.39 . 
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3.B O~RATION CASTLE 

(u) Operation Castle was conducted at the PPG d~ing the pe~iod March 
t~u May 1954. The operation consisted of six detonations: two lani
surface and four barge shots. Pertinent shot information ~nd ~~teorolog
ical data for the three shots for which gamr.a data are available are pre
sented in Tables 3.62 and 3.63, respectively. 

(u) Initial gamma measurements were attempted by the USA Si~al 
Engineering Laboratories (SEL) for Shot. I, 2, 3, 4, a~d 6 (Reference 40). 
Moet of the detectors were either destroyed or contami~ated so that data 
from only nine stations from Shots 3, 4, and 6 were us~ble. Data were 
obtained from NBS film badges and chemical dosimeters shielded by 0.25-inch 
aluminum pipes. 

(U) Neutron data for Shots 4 and 6 are available from Reference 41. 
Data from only two neutron stations are reported for Shot 6, and only two 
of the eight stations for which neutron data are availab:~ for Shot 4 
had clear line of sight. No neutron data were obtainei for Shot 3. I~ 
general the neutron results are inadequate because of co"tamination, 
excessive time lapses before recovery, and loss of sta>.ions. 

(U) The gamma data from Shots 3, 4, and 6 are presented in Tables 
3.64. No neutron data or correction~ are shown. Curves of ga.~-dose
ttmes-slant-distance-squared versus slant-distance for Shots 3 and 6 are 
given in Figures 3.40 and 3.41. 

3.9 OPERATION TEAPOT 

(U) Operation Teapot was condueted from February thru May 1955 at 
the NTS. The operation consisted of fourteen detonations: ten towe~ 
shots, three airdrops (one of which was a high-altitude detonation), and 
one underground shot. Table 3.65 provides the pertinent information for 
the shots for which gamma measurements were made. The meteorological 
data are given in Table 3.66. 

(U) Gamma measurements wer~ made by a number of groups during Oper~
tion Teapot; however, only the LASL (Reference 42) and USA Signal Researc~ 
and Development Laboratory (SRDL) (Reference 43) projects were mainly 
concerned with free field initial g~~ measurements. Ga~~ data from 
chemical dosimeters are presented for Shots 9 and 10 (Referen~e 44) to 
supplement the SRDL data. These chemical dosimeter values are considered 
to be less accurate than the film data, since the fast-neutron sensitiv ... ty 
of these dosimeters was unknown. Edgerton, Germeshau:en, and Grier, Inc. 
(EG&G) reported many film gamma measurements for a. ·sh:i:elding project 

34 



(Refere~ce 45). Results of gamma measur~ments =ad~ by EG&~ outsid~ t~~ 
shields were consistently much lower than ~he S?DL rtCsw. ts at the su.~ 
slant range. No r~eutron corrections can be ml!::'~ on tt'! EG:::G II".':?as·':'!"O::::-.2'~~5 

because a weak fil~ developer was used. These ~e~sure~~nts are no: r:
ported here. 

(U) Ins Alamos Project lj.3a (Referenc" 42) ette:nptei to res01'1~ 
the discrepancy bet;.·een the Los Alamos AW f"il.l!l badge ar.d the NBS :-iL.,..
badge results, by comparing them with en"rgy-bdepende~t Victoree:: tti.:r.bl-e 
chamber readings. The results were discussed in Chapter 2. The ;:33 '3.:,1 
AW badges were exposed on metal stakes to the radiation from Shots 6, 8, 
9, 13, and 14. The measurements obtained from Shot 13 were affected by 
the cloud passing over the instrument line. The NBS film-badge r~sul ~s 
obtained by LASL are presented to supplement the SROL ga~"'A data '3.nd ~o 
distinction is made between the two in the tab:e. 

(U) The bulk of th~ ga~a data reported .as obtained from the SROL 
measurements. The NBS film badges were expose! in aluminum hold~~s attachel 
to metal stakes. It wa. assumed that the aluminum holders were :/16-~nch 
thick so that attenuation of the gamma ra~,ation was negligible. Th~ 

'tios:imeters were exposed in the upwind direction and recovered as so~c. as 
practicable; therefore no residual radiation corrections were necess~!"y. 
The film badges were exposed in 3/8-inch steel drop canisters for the high
altitude shot. Windows covered with 1/16-inch aluminum were drilled in 
tht' canister to expose the film. However, if the radiation did not enter 
directly through the aluminum window it had to pass through the ste~: shel: 
as "ell as the surrounding instrumentation which was not describei. Since 
t~e orientation of the canisters is not reported, no shield corr~~tio~5 
were JTl!! ,~" for this shot. 

(U) SRDL used "betatron correction factors·' to account for a do.ffe,
ence :'n calibration curves for tr.e 'Jerious em'llsions when using Coso rajia
thon ,B opposecl to betatron radiation. These factors are ignore:: ir. this 
repor~, since "betatron correction fac1;ors" reported in Appendix C c:
Reference 45 -- Which were obtained by use of the same betatron ~ac~:ne 
and film eumlsions as those used by SROL -- do not agree with SRDL r~sw.ts. 
SROL considered the "betatron correction factcrs" for previous opera~ions 
to be negligible except for 508 film emulsion which was not usei during 
Operaticn Teapot. N.) experilllental confirmation was obtained for tr.-= 
"betatron correction factors", during subsequent operations. 

(U) The undergrcund detonation, Shot 7, waS instruD'.ented ·"ith rIBs 
film badges to obtain residual radiation measurements and is no': de: ~ribed 
in this report. The Shot 11 gamma data out to 1204 yards are a co~cosicc 
of if, 45° and 9rf' lines. The gamma data at 412, 510, and 608 y"rd~ for 
Shot 11 are questionable because the eDlulsions used at these staUon: . 
were exposed below or above their normal ranges. 
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//}'v" "--' Most of the neutron data al·e taken fron: F'O:'erence 46 prepa.red 
bJ~~~: The data are presented in the form of gr~;hs ~f nvt-tin:es-
R' versus slant-range and a.re therefore subject to in-:~rpretive errors. 
1:~e gold-neutron data for Shot 5 show a large upward ce'/iation from the 
straight-line curve at distances closer than 550 yard". This fact is con
firmed by neutron data ottained from Reference 1~4. T"r.! thermal-ne'J.tron 
da.ta used in this report for Shot 5 are the actual me~surements ard not 
t~e straight-line extrapolations. The sulfur-neutron ~ata for Shot 3 
seem low whe~ co~pared to those for Shot 11, the same ievice with only 
a few modifications. The Pu, Np, and U data for Shot 11 were obtained at 
o~ly four distances and no closer than 510 yards. The extrapolation 
of the neutron curve for Shot 11 may be somewhat in e~ror, especially 
a" distances closer than 510 yards. The fact that tte neutron corrections 
exceeded the total dose on the film at 316 yards also indicates that the 
extrapolation of the neutron curves to the shorter discances may be in 
e~ror. The total fast or Pu neutron flux for Shot 3 · .. as estime.ted u~ing 
Pu to S ratio for Shot 11. 

(U) The gamma data are presented in Tables 3.67 chru 3.79. Cur.es 
of gamma-dose-times-slant-range-squared versus slant-range are presented 
in Figures 3.42 thru 3,54, 

3.10 OPERATION REDWING 

(U) Operation Redwing was conducted at the PPG from May trIu July 
1956. The operation consisted of seventeen detonations: two airdrops, 
five water-surface shots, three limited-land-surface shots, six tower 
shots, and one shot on a barge in shallow water over a reef. Table 3.80 
provides the pertinent inform:J.tion for the shots for ·,ihich successful 
;;:;".1I1l!i measurements were obtained. The meteorological data are given in 
cable 3 .81. 

(U) ~ measurements were made by SEL (Refer~nce 47), LASL 
(Reference 48), and the US Army Chemical Warfare Labontories (CWL) (Ref
erence 49). LASL attempted to differentiate the initial-gamMa-radiations 
versus time by using films in "drop gadget" instruments during Shots 
];akota, Navajo, and Tewa. Only data from Shot Navajo '.·ere usable. 

(U) SEL obtained i'litial ganuna. data from Shots Z'mi, Flathead, Dako,:a, 
:;avajo, and Tewa. The NBS film badge positioned in a number of differer.t 
s~ields was used as the primary dosimeter. Station and mutual dosi~~ter 
shielding factors (effects of one detector on another) were calculated 
by SEL. However, the estimation of the average gamma energy at the distance 
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of interest was inccL'rect and new garnrr.a shieldir.g facto~3 ""ere calc'.J.l,,-':~d 

for use in this report. Film normalization fa~':0rs (be':atron correction) 
were used by SEL. T~ey were the same factors as tho3e used du~ing 
Operation Teapot, since betatron calibrations cc·J.l.d not be made for this 
Operation. Again, as for the Teapot data, thesa factors are ignored, 
Corrections for preshot and postshot residual contamination were obtaine1 
by using drop-type mechanisms, field surveys, a~d estimations. 

(u) CWL was mainly interested in nc·",tron lt~asuremE':1.ts, but chemical 
dosimeters were placed in 0.434-cm thicK and 1.5-inch dia~e~er steel 
pi;e nipples to measure gamma as well as neutro~ dose for Shots Yuma, Erie, 
Blackfoot, and Kicks.poa. The US Air Force (US;.?) and U.e Ato, LC Energy 
Commission (AEC) supplied chlorinated hydrocarbon syste~ to measure ga~r..a 
dose. 

(u) The USAF chloroform dosimeter provided the bulk of the'ga~~~ 
dat~. The type cf Chemical used in the AEC che~"cal dosimeter waS not 
elucidated. Thermal-neutron corrections were /tade on the USAF chloroform 
dosimeter using the value of 1.5xlOS nlcma Ir recomrnencl.,d in Refere:lce 10. 
The USAF chloroform dosimeter is claimed. to be "fast neutron insensitive". 
However, the interpretation of the term "fast neutron insensitive" is open 
to question, since '10 definite sensitivity val'~es have been obtained. No 
corrections are presented for the AEC chemical dosimeters. 

(U) Neutron data for Shots Yu=a, Erie, Bl __ ck!oot, and Kickapoo are 
aval-lable from Reference 49. No extrapolation of the data. was necessary, 
since th" neutron and gamma. measurements were !:lade at the sa.'!!e stations. 
No neutron data are available for Shots Zuni, Flathead, Dakota, Navajo, 
and Tewa. 

(u) The e'cr'C:la dc, ~'! and neutron correctiocs (where available) a~" 
tabulated in Tables 3.82 thru 3.90. The station and ~tual shielding 
factors a~e pr~3ented for Shots Zuni, Flathea~, Dakota, Navajo, and 
Tewa, but the shield corrections are not prese:o.ted si"ce neutron cor,.ec
tions must be made first. These results are correcte~ for residual "~C 
preshot exposures. Curves of corrected g~~-lose-tires-slant-r __ ng~
squared verSUb slant-range are given in Figures 3.55 thru 3.63. 

3.~1 OPERATION PLUMBBOB 

(U) Operation Plumbbob was ccnducted at the NTS from April th~. Octob~r 
1957. It was the first operation in which a nuclear devtce '''as suspended 
from a balloon 1'or detonation and the first in which rocket deliver-J of a 
nuclear warhead from an in-flight aircraft was employed. The opera~ion 
consisted of thiTty aetonations: one OLe-point shot, one tunn~l shot, five 
safety shots, one air shot, nine tower shots, and thirteen balloon shots. 
A su.rnmary of the shot information is presem;ed in Tacle 3.9.'_, ar.d t~P

meterorological conditions at shot time are given in Table 3.92. 
37 
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(u) Gamma measurel.ents were made by SRDL (Referen~e 50), US Air 
Force Scho~l of Aviation Medicine (S~~) (Referenc~ 51), Air Fotce S~ecial 
Weapons Center (ArSWC) (Reference 52), EG&G (Reference 53), and a r'· ... ."ber 
of different agencies for Progr~." 2 during Shot LaPlace (Refere~~~ 54). 

IIJ)~ ArSIVC measured the variation in gar.rla dose ',;ith he'-gh~ aoove
grotrnd using a variety of detectors ar;d found that the garr.r..a d03e ir:creasec. 
by about a factor of 1.3 at an altitude Of approKimately 400 fe~t. Th~J 
deduced that the initial gamma radiation is nearly mono,iirectio!".al 9.nd 
that the bulk of the scattered radiation is of low energy. Select~i N9S 
film badge and chemical dosimeter (Sk~) data at 3-foot heights ~re pre
sented herein to supplement the other gS1!'.ma data. Hurs~ aPod Ritcl',:'e 
(Referer.ce 55), using fission foils and chemical dosimeters in col:ima~oro, 
con1'irrned that the angular distribution of the neutron and gamrr", r~'Hat lon 
at the ground was inser.sitive to weapon and distance and that the g '. ~,n·. 
buildup was approximately 30 percent. 

(u) The EG&G film gamma data are presented only for shots where no 
other gamma data were available. EG&G used a weak film developer, KodaK 
D-76; the neutron effect on film is impossible to deter",ine when this 
developer is used (Reference 56). Information was also lacking co~cerning 
position and type of stations. The EC'.&Q film badge is very s irilar to 
the NBS film badge. 

(U) The SAM used the tetrachloroethyl,,'ne two-phase cherni~al iosim
eter to ~asure the initial gamma dose. The dOSimeter is cla~ed to be 
fast .. neutron insensitive; that is, if exposed to one rep of fast Po~utro"s 
with no g .. nuna rays present, the dosi:neter would generate 0.83 percent 
as much acid as it would for 1 r of gamma radiation. Th~refor~, ~o ~orre~
tions are ~ecessa.ry for fast-neutron sensitivity. The dosimet.r ~s 
thermal-neutron sensitive. Reference 10 reports that 5.gxl09 the~~al 
neutrons per cm3 produce as much acid as 1 rep of garn.r.~ rays. During thic 
opration lithium shields in 1/4-inch-thick aluminum "Beer Mugs" '.ere 
~sed to reduce the thermal-neutron flux, Page 23 of Reference 51 states, 
"If no gamma rays are present, 3.25xl013 thermal neutrons generat'O as 
much acid as 17r of gamma rays in the two-phase tetrac~loroetl',:r~e::e sys te::-.. " 
This is erroneous since it conflicts with statements in Refere~c~ 10 by 
the S~,me author and with Reference 57 which states the.~ 3.25 xlO'3 thermo.l 
neutrons generate as much acid as 17r of gamma rays when the ~osL~eter 
is encased in the lithium shields. Corrections for therma~-::~'"tr':m 
effects .. ere not made when the dos irne ter was encased in 11 thi·· ... '1l. The 
chemical dosimet"rs in the "Beer Mugs" were hung from steel goal :;:osts 
at approximately 3 feet above the ground. 

(U) SRDL exposed film in NB8 holders to measure gamma dose. Most of 
tho film wes exposed in the photographic-dosimeter transport mec~a.nism 
(Emmett) deSigned to measure gamma exposure in one-second increme~ts 

3U 



in the time interv'll fro", 0 to 20 secot!is. Tot~l dose :r.,,~:;'l!"e.-.•. 1t3 were 
obtained insid~ the E....,..."tt d~'Jice and from film bad,!e~ t .. ~"j to tr.~ out
side of the Er.~ett device (1/2 E~~tt) and film bad~s taped to st~ke3. 
SRDL did not reccmr..e"d th2 us~ of "betatron correction fac~ors~. 

(u) Reuid'Jal radiation values were obt.aine1 from Ref"renc~ 24 for 
all shots of interest. Most of these residual values '.ere estL'!l9.tes, 
The residual radiation contribution from each shot for ·.hich azirr,,,:.h a:-.d 
recovery t~me wet'e reported ",as d .. termined to be negligible, 

eU) The neutron dat· were obtaine1 by US~lIDL (Referen"~ 58) an1 by 
the Oak Ridge National ~aboratory (ORNL) (Reference 55). Referenci 5S 
presents the neutron data in the form of graphs of neutrons per em -tL'!les
slant-range-squared V~rS'2S Slant-range, and are subject to interpre~ive 
errors. For those shots for which gOld-neutron data ~le missing, the 
gold-neutron data were estimated fro/l1 th\! ratio ot gold to plutoniUM froe:: 
similar shots, 

(u) Reference 58 presents the neutron data in tabula~ for~ as well 
as graphically, thus allowing more preCiSE determin" tion of flux value~. 
Neutron data for Shot Priscilla at distances between 400 and 600 yards 
were very erratic ane did not follow the parallel-line aSSUMption. The 
placement of the detectors appea.'ed to be the disturbi~g factor. These 
detectors were placed among many structures and other installaoions, 
which may have caused scattering and other disturbances in the flux fieH. 
These measurements, although an indication of the actual flux at the 
pOint of measurement, probably did not give a true picture of tr~ free
field flux. For the free-field flux at these distances, the values ta~en 
tram an extrapolation of the curve obtained from graphing flux-~:'r::es-sl .. "t
ranbe-squarecl versus slant-range prob"bly give !I. more realistic ft ",l!"B. 

(u) Neutron fluxes from Shot Smoky were obtair.ed to evalua~~ tte 
effects of terrain on neutron measurements. Since the terrain effects 
were pronounced, the neutron data Can not be ext.ranolated to dis~ances 
other than these at Which actual me .. sure~ents were made. 

(lI) The ganuna data corl!ected, wtJere possible, for neutron eff .~ts 
are presented in Tables 3.93 thru 3.11.0. The film data rel'ortei arE taKen 
from NBS film badg~ measurements unless stated otherwise. Curves of gam.,".;
dose-times-slant-range-squared versus slant-rallge are showr. in Figures 
3,64 thru 3.81. 

3.12 OPERATION HARDTACK 

(u) Operation Hardtack was a two-phace operation: Phase I was con
ducted at the PPG from May thru August 1958 and consisted of 35 shots 
Which included the first very-high-a .. ti tude detonations; Pha~c II was 
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conducted at the NTS frOID September thru October 1958 and cons iotee:. of 
37 shots. A sUllllllary of the shot information for the six shots for ·.-hieh 
initial ga~~a data are available is presented in Table 3.111. The ~eteoro
logical conditions at shot time are given in Table 3.112. 

(\J) ~ Gamma measurements for Shots Fig, Hamilton, and Humboldt 
'>Ie\e provided by CWL (Reference 59). NBS film badges in steel cor.i'lle". 
which were screwed onto steel sta'<.es '>Iere the principal detectors used. 
For Shot Fig, the detector stations were placed as follows: thirty-six 
film-badge stake ,stations on land; four Emu.ett devices on land; eig~t film
badge stations on land and water along the ProjeFt 2.4a neutron lir.~; and 
seven film-badge stations hung vertically from the Project 2.11 balloon 
catlle. The slant ranges reported for the balloon line ar~ not exa~t since 
the pO$ition of the cable was estimated. Also, this estimated sla~t rang~ 
would apply only for the prompt and nitrogen-capture g3.ll'.r::3. and not for 
the fission-product radiation since the fireball and cloud rapidly ascend, 
and this radiation sourc~ would pass within the same dista~ce for each 
detector. It must also be remembered that the air density decr~ase3 with 
altitude and may affect the gamma results. The 1430 line ,,-as peq:~:1dicular 
to the long axis of the weapon. 

lu) '\S-it9o/i. The main galMlS instrumentation for Shot Hamilton comprised 96 
film-badge stakes and 4 ElI\IDett devices. These data were lost beea'Joe of 
an accident during film development. Tt·,,;: 1.ms used for $81III!'A su!,:o~t 

measurements for Project 4.2 were und~- ~':" (Reference 60). The 150 and 
o -330 lines were Derpendicular to the lon;>: .·.is of the ,weayon. 

(~)~ Shot Humboldt was unexpectedlY moved to another area o~~ d.y 
prior to shot day; thus only one line could "e instrwnem;ed. Film badg~s 
in pi~ 'lipples were attached to the neutron line out to 400 yards and 
',;ere pulled out of the area within 10 minute~ after detonation. Fartr.er 
out, film badges were taped to stakes and goal posts of unknown compositio~ 
and dimensions. This line was perpendic1Jlar to the long axis of th~ ·..,apor:s. 

(U)~ Residual contamination was generally negligible. The 30-yard 
station at Shot Hamilton was in th" l .. owind diTection arod the dose ~ate 

was less than 10 r/hr at H+I hour. The 30-yard station on the 143' line 
for Shot Fig was recovered within 5-10 minutes. All the water st~~io~: 
were recovered within 10 minutes. The residual contamination dat~ for 
Shot Fig were obtained from Reference 61. The H+l-hour readings .ere 
used to calculate the total residual dose from 10 minutes to the time of 
recovery (24 hours) . 
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(u) r.eutron data were obtained by CWL for Shots Fig, Hamilton, ani 
Humboldt, ~nd reported in Reference 62. 

(u) The gamma and neutron data for Shots Lea, Mora, '!.nd SOC:OTl'O were 
obtained by ORNL and reported in Reference 63. The gamma dosimeters 
exposed were tetrachloroethylene chemical dosimeters and AgPO. glass rods 
in the 0IU1L alwninwn "Beer Mug" shield including natural lithiUlt shielding. 
The gamma and neutron data were presented as "normalized" data for Shots 
X, Y, and Z (Lea, Mora, and Socorro). The appendix to Reference 63 provides 
the clues necessary to correct the normalized data to actual datn for the 
~ctual shot. The "scale fa,-tors" reported for the neutron data _ere in
correct. A private communication (Reference 64) from the authors of the 
report st&.tes that the reciprocal of the neutron "scale factors" should 
be used. 

(u) The gamma data are presented in Tables 3.113 thru 3.ll~. Graphs 
~f galT'.J:I9.-dose-times-slant-range-squared versus sl,nt-rangc are sho;," in 
Figures 3.e;! ~hru 3.87. 

3.13 OPERATION SUN BEAM 

(u) Operation Sun Beam was conducted at NTS in July 1962. The opera
tion consisted of four shots of small-yield weapons close to the ground. 
A summary of the shot information is given in Table 3.119, and the me'~eoro
logical conditions at shot time are p~esented in Table 3.120. 

(U) The USANDL measured the initial gamma dose for the four shots 
(Reference 11). The detectors used .ere film in NBS holders, glass micrc
dosimeters in tin-tantalum-teflon holders, cobalt-glass plates, calcium 
fluoride thermoluminescent dosimeters, and formic-acid chemical dosimete,s. 
The formic-acid dosimeters yielded no usable data and the thermoluminescent 
dosimeters were generally lower by a factor of three as compared to the 
other three dosimeter systems. Only a few thermoluminescent dosimeters 
were exposed, and the results are not presented in this compilation. The 
dosimeters were exposed mainly in steel pipe nipples which .ere attached 
to pull-out recovery lines. No residual radiation corrections are neCE:ESary 
in view of the early recovery of ell dosimeters. Protection from thermal 
neutrons was, in many cases, provided by a shield of lithium-6. The cobalt 
plates ,.hich "'ere not protected by LiB yielded c.ata which are suspect 
since the thermal-l.eutron correction is very large and not accurately kno·wn. 
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The 649 fUm data, eS,pecially at thP. closer stations, gave !l.nc=..9.1ous 
results after corrections. At ~ome stations the fast-neutron correction 
was greater than the uncorrected g!l.lII!I!I. dose. This may be due to an error 
in the fast-neutron correction factor, but more likely it is d'~~ to dose
rate dependence, The 649 film pro\,ided much better data at m"~e distant 
stations where the dose rat.e wa,s lower, although the neutron-correction 
factors were the same. Some dosimeters were exposed in nylon ?ipes with 
nylon screw-type plugs. The thermal-neutron 'flux inside these nylon 
shields was generally higher than the thermal-neutron flux outside the 
shield by a factor of 2.2. This is taken into account in corr~cting the 
data obtained in nylon Shields. 

(U) The neutron data were o~tained by USANDL and reported in Reference 
65. Neutron and gamma data were obtained at the same stations. Some of 
the neutron data pntnts are far removed from the smooth curve of the ruj 
versus D ~lots. The make-up of the stations may have caused this devi!l.
tion. The neutron data used are the actual data obtained at e~ch station. 

(U) The g!l.Mma data are presented in Tables 3.121 thru 3.124. Graphs 
of gamma-cl.ose-t1mes-slant-range-squared versus slant-r!l.nge are sho'.n in 
FigureR 3,88 thru J.93. 

3.14 OPERATION FISH BOWL 

(U) Operation Fish Bowl-was conducted at the Johnson Isla~ Test Area 
during the SuaL~r and fall of 1962. The oper~tion consisted of ten high
altitude detona~ions, five of which achieved a nuclear yield. Pertinent 
shot informe.tior. is presented in Table 3.125. 

(u) Gam.'ll" measurements were made by USANDL (Reference 64). The main 
detectors wen' film in NBS holders, silver_phosphate_ghss mi~rodo3imeters, 
and cobalt plates. The gamma instrumentation was contained in thr~e re
coverable pods for each shot. The pods were attached to t~_e laur:ch vehicle 
and released at the proper t!me during the early part of the trajectory: to 
place them at various distances from the detonation point. The three g~:a 
instrument packages per pod were placed at the center of the ~od ar.d .ere 
surro~ded by various objects and cushioning. Some of the coo~lt plates 
were placed in the neutron;detector packages which ~ere place~ at t~~ rear 
bulk.head and presumably were so oriented that they looked dire~tl:r at 
the burst. The cobalt plates in the neutron package recorded less dose 
than that recorded by the cobalt plates in the gamma package, The greater 
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shielding around the 8&- packase .... ould indic~te that the reverse sho'.ld 
be true. H~wever, much of the 8hieldin8 was a hi8h-~drogen-content cush
ioning. This material l1JIJ,y have therm~Uzed acme of the fasl; neutrons 
and provid'~d a higher thermal-neutron nux at the S'lllllM pack~ge than at 
the neutron p~ckage. Since the cobalt plates are hiShly thermal-neutron
sensitive, this thermalization effect may have been the cause of the 
discrepancy in the readinss. 

(u) Neutron measurements ll'ere made by tl-.e USA!mL (lleferer.ce 65). No 
thermal-neutron-flux values are siven because of the doubtfulness of the 
validity of the small differences betll'een the cadmium-shielded and the 
unshielded gold detectors. 

(U) Since the thermal-neutron-flux valups are not available, and the 
effects of the dl.H'erel'ce in the posi tionins of the neutron arA sal!'.11& 
packases in the pods and the effects of the shield ins material are not 
knoll'Tl,the g_ results have not been corrected for neutron and shielding 
effects. The 'JJlcorrected gamma results are presented 1n Tables 3.126, 
3.127, and 3.128 and the curves of gamma_dose_times_slant_ranRp._square1 
versus alan'._range are sho'HI in Figures 3.94, 3.95 ar.,~ 3.96. 
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(S~ TABLE 3.1 SHrrt' lJUIORMATIOft - OPERATIOft SA1Ul8'IU4E 

"1.ocation Height 
Sbot Date and Tillie and ot 

Designation Fired 'f1pe Burat i 

tt 

X-ray 14 April 1948 Janet-Tower 200 
1816:59 GJfl' 

I 
Yoke 30 April 1948' Sally-Tower 200 

180B : 59 GJfl' 

Zebra 14 May 1948 Yvonne-Tower 20) 
1 Bo4:60 GJfl' 

(u) TABU: 3.2 temOROLOOICAL DATA - OAmATItlI SAJmSt'()IW; 

Sbot Pressure Temperature ~:,,~ 
mb OK S/cm3 xlri' 
f( 1).3 

1.40 X-ray ~ 297 

l·oke (i.'C"!. '3 
~ 299 1.23 
'007 ? Zebra --- 300 0.95 

Yield 

kt 

36 

49 

18 

pIp. (p./p .,.. 

1.09 0.85 

0·95 1.11 

0.73 1.88 
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Operation Sandstone - Shot Yoke - Corrected 
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~()~TA&E 3.6 SHOT INFORMATION - OfERATION RANGER 

Location Height Yield 

Shot Date and T~ and of Total Fission 
Designation Fired Type Burst 

ft kt kt 

Able 27 Jan 1951 wA-Air 1060 1.3 1.3 
1344:51 GMI' 

Baker I 28 Jan 1951 FF"-Air 1080 7.4 7.4 
1352:05 GMT 

Easy 1 Feb 1951 a FF -Air 1080 1. 1. 
1346:39 GMI' 

Baker II 2 Feb 1951 FFa_Air 1100 7.7 7.7 
1348:48 GM!' 

Fox 6 Feb 1951 FF"-Air 1435 22 22 
1346:55 GM!' 

VI "Frenchman's Flat 
0 

(u) TABL& 3.7 I.£TEOROLOGICAL DATA - OFERATION RANGER 

Shot Pressure Temperature Density piPs (Ps/p)2 

nil OK g/cm3xHJ3 

Able 90) 271 1.14 0.8£3 1.29 

Baker I 899 270.2 1.14 0.B8 1.29 
Easy 919 261.5 1.21 0.')3 1.16 
Dul,,,!' II 883 263.8 1..14 0.88 1.29 
Fox 909 271 1.14 D.lIB 1.29 
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(S-RD) TABlE 3.13 SHOT INFORMAIO'l'N - omRATION GRDlUfOOSE 

0\ 

"" 

Shot 
Designation 

Dog 

Essy 

George 

Item 

~ot reported. 

Da te and Time 
Fired 

7 April 1951 
1633:57 GI-fl' 
20 April 1951 
1627 : 00 GMI' 
6 May 1951 
2130:00 GMI' 
24 May 1951 
1816:59 GMI' 

Name Location. Height 
of and of 

Device Type Burst 

Yvonne-Tower 300 

Janet-Tower 300 

Ruth-Tower 200 

Janet-Tower 200 

~ (U) TABLE 3.14 MB'lEOROLOOICAL DATA - OreRATION GREENHOIm: 
~ 
U' 

f> 0-, 
~
..;;...,-
c.1 

'" ~ 
.-( -,..... 
~ -

Shot Pressure 

nil 

Dog 1000 

Easy 1000 

George 1000 

l&em 1000 

Temper sture Density 

OK g/cm3 xlc! 

298 1.17 

296 1.17 

300 1.17 
• 

304 1.15 

""" 

Total 

46 

p!ps 

0.% 

0·90 

0·90 

0·89 

.' """-

Fission 

(Ps/pt 

1.23 

1.23 

1.23 

1.26 

, • 7' 
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~TABLE 3.19 SHOT mJo'ORMATION - OPERATION BUSTER-JANGLE 

• ......,. 

i 
Location Height 

Shot. Date and T1mei and of Total Fi88107 

Designation Fired Type Burst 

ft kt kt 

Able 22 Oct 1951 I Area 7~Tower 100 1.811. 1.8
a 

1400 am 
Baker 28 Oct 1951 I Area 7-Air 1118 3·5 3.5 

1520:09 GM!.' 

Charlie .30 Oct 1951 Ar<ea 7-Air 1132 14.0 14.0 

1500:29 GMr 

Dog 1 Nov 1951 I Area 7-Air 1417 21 a 

Easy 
1530:01 GMI.' 
5 Nov 1951 ! Area 7-Air 1314 31 31 

1629:58 GMI' 

Surface 19 Nov 1951 I Area 9-Surface 3·5 1.2 1.2 

--1 1.700 GMT I 
i-' Undergrmmd. 29 Nov 1951 Area 10- -17 1.2 1.2 

1959: 59 GMf " 
Underground 

aGrams 
1 

f 

(U) TABU; ..1.20 METEOROLOGICAL DATA - 01£RATION BUSTER-JANGLE 

Shot Pressure Temperature pensity pips (Ps/p? 

g/cmi:.-;jjJ 

Baller 877 2811.4 1.05 O.Bl 1.53 

CharI ie B72 2C(B.3 1.06 0.82 l.119 

Dog B76 288.5 l.03 0·79 1.60 

Easy 878 284.3 1.05 O.tll 1.53 

Surface 871.5 274 1.10 0.85 1.39 
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~ TABLE 3.43 SHOO' INi'ORMI\TIOIl - O!'l:RATION IVY 

Shot Date and Ti~ 

Designation Fired 

Location Height 'Iield 

and of Total I HE 

Type Burst Thicknesli 

rt 
kt I CIIl 

Flora-Surface 0 l.04xlO· p 
Mike 31 Oct 1952 

( ~5tf540 I· Yvonne-Air 43.91 

1914:59 GM1' 

King 16 Nov 1952 
2330:GMl' 

a 
Not reported. 

I-' g 

(u) TABLE 3.44 l·lETEOFG1OGICAL DATA - 01£RATION IVY 

Shot Pressure TemperatlU'e Density pips (Pa/P )a 

rob "K g/cm3 xltf 

Mike 1,010.7 302.4 1.17 0.90 1.23 

King 1,101.7 301 .1.14 0.88 1.29 
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JtJr ( ~LE 3.62 S1fC1l' J.NFORM\TION - omRATION CAB'1'IB s~J 
... 

Location rigbt 

Shot Date and 1'ime 1 and of Total khi~IuK!SI'l 
Designation Fired Type ~urst 

ft :l I' cm 

3 (ICoon) 6 April 1954 I Btki.i .. ,.- l3.6 150 a 

1820:00 (,MT Surface Coral 
, 

4 (Union) 25 April 1954 Bikini-Bear 7 7.Oxlif a 

1810:01 GMI' Dog and Fox -
Surface Barge 

b (Nectar) 13 May 1954 I Eniwetok-Ivy 7 1.7x1if I a 

1820 : 00 GMI' Mike Crater-
Surface Barge 

... a 
I\) Not reported. 
.v 

(U) TABLE 3.63 ME"EOROLOGICAL DATA - O~RATION CASTLE 

Shot Pressure Temperature Density ~/os (PS/p)2 

mb OK g/cm3 x1()3 

Koon 100'}·7 300.2 1.18 0·91 1.21 

Union 1007.4 300.2 1.17 0·90 1.23 

Nectar 1006.4 299.7 1.17 0·90 1.23 
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Slant Azimuth Film aa- Au Pu )p U S 
Ranse Type Dose 

yd r 

1,500 a 1290 530 b 

1,600 a 1290 350 
1,700 a 1290 230 
1,800 a 1290, 606 150. 130 

b 
b 
b 

1.900 a 1290, 606 90. 77 
2,000 a 1290, 606 63. 55 

.... 2,100 a 1290, 606 42, 38 .,.. 
CD 2.200 a 1290, 606 30, 27 

b 
·b 

b 
b 

2,300 a 1290, 606 22, 20 b 

2,400 a 510 13.5 b 

2,500 a 510 11 
2,600 a 510, 502 B.4, B.o 
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b 
b 
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2,900 a 510, )02 3.5, 3·1 
3,000 a 510, 502 2.6, 2.3 
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b 
b 
b 
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a 
bllnknown. 

No neutron aa.~:!.. 

cNBS fi 1m holder lit tac}",d to angle - iron stake. 

Shield 
type 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
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c 
c 
c 
c 
c 
c 
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(S-RD) 'J'ABLF.: 3.93 INIT:r.AL GAMMA. DOSE DATA - OPERATION PWMBBOB, SHOT BOLTZMAN 

Uncorrected Neutron Flux 
Slant. Azimuth Type Gamma Shield 
RanGe Detector Dose Au Pu Np U S Type 

yd r n/cm4 

1,5'r6 i63° 42' 49.5" Film 606 248.0 a ~ Emmett 
2,lD;! l63°42 '49.5" Film 5LO, 606 28.5-33.0 a Errunett 
5,711 Fil.nJ 502 0.10 a Franklin 

Shot TOiler 
f-' 

!; alnsuff'i~ient neut·rOll Lia~a to exira}Jolate to the slant ranges of interest. 
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(~) 4. The gold, fast, and shield corrections are added and this 
value is st,btracted from the uncorrected gamma dose to give a corrected 
gamma dose: 

17,500r - (408 + 3590.+, 1230) ,. 12,272r = 12,300r 

(s-~) 5. To correct for the gamma attenuation of the shield, gamra 
attenua~n factors for each shield type were calculated for gamma energie~ 
of 1, 3, and 5 MeV using __ 1 __ to calculate the attenuation factor. The 

e-IU 
appropriate attenuation lactor for the s!ant r~~~c and shot yield was 
multiplied by the corrected gamma doge to obtain the final corrected 
gamma dose: 

12,300r x 1.14 = 14,022r = 14,OOOr. 

(s./m) 6. To save time, "magic numbers" which are the se-n gamma. 
dose for lxl013 thermal neutrons J;e!'):'square ce~1timeter and for lxlOla 

fast neutrons per square centimeter were calc'llated for Nevada- type soil, 
coral, and water using the methods outlined in Reference 5. To calcula:e 



i 

.. ' , 

'.1 

-' ) 

•• 
... 

• 

.. ' 

the soil contribution, the thermal "magic number" is multiplied by the 
therllBl-neutl'on flux divided by lxl0110l nlcma and added to the fast-neutrCil 
"ma~c number" multiplied by the fast-neutron flux (Pu) divided by 
lxlO a n/cma . This result is multiplied by k using the formlla: 

l •. k '" 
/'l1 + /3 cos 0 

... here 9 = angl~ 'between normal to surface of ground and path of ne·~tron 
beam from point of detonation 

where 

as = microscopic $cattering cross section of soil 
aa = microscopic absorption cross section of soil 

and then multiplied by the build-up factor for soil. 

The constants for Nevada-type soil are: 

Thermal "Magic Number" = 523r 

Fast "Magic ~J.;nber" = 351r 

= 8.17 

Build-up factor == 1.3 

(523r x 

1878r + 3754r = 5632r 

1. 04xl013 n/crr/' 1 
lx10la nlcma ./ 

cos e 500 yds 
0.447 = = 

1119 yds 

1-k = 7.17 = 7.17 '" 7-17 = 0.802 
8.17 + /3 x 0.447 8.17 + .773 8·943 



k = 0.198 

5632r x 0.198 - 11l5r x 1.3 =1449r. 1450r which is the soil r'Jntri
but ion. 

(u) To correct the burst conditions to standard air density the 
following formulae for correcting the slant range and dose must be used. 
Standard density, Ps' is defined as 1.293xlO-'g/em3

, the density of dry 
air at OoC and one atmosphere pressure. 

The corrected slant range, Rs ' is given by 

P 
Rs =- R 

Ps 
• 

and the corrected dose, Os' is given by 

with piPs given by 

Po 
= 0.269 :-- (Co - <; + c. - C:, + ••• ) 

'l! 

. 
Po = pressure at the detector, mb 
g = acceleration due to gravity, cm/~eca 
y "height Of burst, em 
T = temperature, OK 

(u) The slant range and dose-correction factors were so calculated 
by approximating piPs via the parameter y/t that only those C's whose 
values were equal to or greater than 0.01 were included. Inclusion of 
only Co assumes, in effect, a constant density between source and detector. 
InclUSion of Co and <; assumes a linear variation in denSity with height 
between source and detector. Inclusion of all the C's assumes an ex-
ponential variation in density with height. . 
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(u) For the Te.:r>0t and Plumbbob series where both the ground and 
burst condi+.ions are available, the correction factor is given by 

0.269 
=-....:;. 

, 
PIPs 

2 

where 

a = ground conditions 
b = burst height conditions 
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